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Novel Materiate. their Preparation and Use 

The present invention relates to novel pofymer-materiars, In particular, to novel biomatertels, 
in form of a specific precipitate, into which other components may be Incorporated, In 
particular phamiaceutically active agents, which can thereafter be released to tiielr 
environment In a controlled manner; furthermore to processes for the manufacture of such 
precipitates and to pharmaceutical compositions and medical devices based on said. 

The term ""bromaterials'refifers generally to materials which have certain characteristics 
related to their behavior in a bioenvlronment. In particular, such materials must dislntegi^te 
In a natural environment and should metabolize after fulffllfng their purpose without leaving 
any trace. Furtiiennore, blomaterials should not invoke an adverse response, for instance an 
lnflamnr>atory or toxic response in the environment In whic* they are used. In addition to that, 
they should be easy to sterilize and easy to process Into a desired product form. It Is also of 
great advantage If such materials exhibit mechanical properties that suit to the Intended 
application and if ttiey attend an acceptable shelf life. 

The first polymeric blomaterials prepared from glycolfc acid and lactic add have found a 
multitude of uses In the biomedical Industiy. beginning with the biodegradable sutures first 
approved In the 1960s- Since that time, diverse products based on lactic and glycollc add - 
and on ottior materials, including poly(dloxanone), poly(trimethylene carbonate) copolymers, 
and poly{e-caprolactone) homopolymers and copolymena - have been accepted for clinical 
uses as medical devices. In addition to these approved devices, a great deal of research 
Continues on polyanhydrides. polyorthoesters, polyphosphazenes, and otiier biodegradable 
polymers. 

Polymeric biomaterJal can be either natural or synthetic. In general, synthetic polymer- 
matertals offer certain advantages over natural materials, particularly because they can be 
tailored to give a wider range of pmperties and a more predictable lot-to-lot unifomiity than 
materials from natural sources. Synthetic polymers also represent a more reliable source of 
raw materials, and one free from concerns of Immunogenlcity. Novel synthetic polymer- 
materials having the important characteristics of blomaterials are therefore still sti-ongly 
sought-after 
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It is an obJec5li'VB of the instant invention to provide such novel solid materials, In particular 
biomatBrials havIng all of the characlertstlcs mentioned above. These materials siiall be able 
to Incorporate further components. Including particularly pharmaceutically active agents, 
Inside of their matrix, and to release said components thereafter in a controlled and 
reproducible manner, particularly in a prolonged manner as compared to when said further 
components would have been administered in usual fomi. 

rt has now surprisingly been found that novel compositions comprising at least an anionic 
polymeric component which is as such soluble in water, an amphiphllic ammonium-type 
component, and a cyclodexlrin component meet the objective mentioned above. These 
compositions are specific precipitates comprising the mentioned components and can be 
best characterized in that they are obtainable by a process whidi includes the following 
process steps: 

1 , contacting the anionic polymeric component and the cyciodextrin component in an 
aqueous medium, and 

2, adding to the mixture obtained In step 1 the amphiphiiic ammonium-type component 

Certain compositions, in particular phanmaceutical compositions, which comprise, in addition 
to a pharmaceutically active agent, a cyciodextrin compound and a quartemary onium 
compound as preservative, Inclusive of preservatively effective amphiphllic onlum 
compounds like for Instance benzalkonium chloride, benzoxonium chtoride, cetylpyridinium 
chloride or cetyltrimethylammonlum bromide, and furthennore a carrier which optionally nnay 
also comprise a polymer, Inclusive of water-soluble anionic polymers, for Instance 
carboxymethyl cellulose, starch derivatives, alginates, pectins, xanthan gum, tragacaniha 
gum or polyacryllc-acid-type polymeric components, are already known in the art, and are 
disclosed in EP-A-0 802 414. 



Except from the fact, however, that these compositions comprise the quartemary onium 
compound only in amounts necessary to provide a praservative effectiveness. In particular in 
amounts of 0.5 percent by weight (%bw) maximum, said compositions have also been 
designed to meet an objective which Is entirely different from that of the Instant Invention, 
Inasmuch as these composftfons are intended to maintain the bio-avaiiabillty enhancing 
effect which cyciodextrin compounds usually have on pharmacologically active agents which 
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are used in combfnafion therewith, and to sfmuttaneously enhance the preservative efficacy 
of a preserv^abVe which Is lower than usual In the presence of a cyclodextrfn compound. !n 
order to achieve this objective. It Is obligatory that these compositions comprise an alkylene 
glycol compound as a further component which provides the above mentioned fiinctlonalHy, 
In addlUon to its usual f unctlonalJty as a tonicity andAor solubflcty enhancing agent The 
presence of such afkylene grycol compounds is by no means essential for the Instant 
Invention. 

Furthermore, the compositions specifically disclosed In EP-A-0 862 414 are either aqueous 
solutions or, in one case, a strongly watery gel having about 95 %bw of water content, and 
even though the reference mentions that the disclosed composlUons could also have the 
form of a solid Insert it does not disdose any specific form of a suiteble solid material for 
use as such insert, particularly not a precipitate obtained by contacting the anionic polymeric 
and the cyclodexWn component in an aqueous medium, and adding thereto the amphlphiHc 
ammonium-type component if desired In the presence of further components. 

A firet subject of the instant Invention is accordingly a preclpliate comprteing at least an 
anionic polymeric component which fs as such soluble in water, an amphlphilic ammonium- 
type component, and a cyclodextrfn component, which precipitate is obtainable by a process 
which includes the fonowing process steps: 

1 . contacting the anionic polymeric component and the pydodextrin component in an 
aqueous medium, and 

2. adding to the mbctura obtained in step 1 the amphiphiifc ammonium-typa component; 
wherein said components are present In amounts suitable to form said precipitate.. 

A specific embodiment of the materials according to the Invention is a precipitate comprising 
said anionic polymeric component, said amphlphilic ammoniurrv^e component, said 
cydodextrin component and one or more further components, for instance components 
selected from pharmacoutlcally acHve agents, pesticides, egrochemlcals, colorants, 
diagnostics, enzymes, foodstuffs and so on. which precipitate is characterized In that it is 
obtainable by carrying out the process steps mentioned above In tho presence of said one or 
more further components, which are, for instance, added in course of step 1 and/or 2. 
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The predpitates according to the invention are, particularty advantageous, obtainable by 
dissolving the anionfc polymeric component, the cydodextnn component and. rf present, 
further components comprised In said precipitate which are as such soluble in water, in an 
aqueous medium as canier to form a first composition; dissolving the amphJphillc component 
and blending therewith In a suitable liquid canier, preferably also an aqueous medium, if 
present, further components comprised in said predpitate which are Insoluble in water, to 
form a second composition; and contacting said first and second coinposition to form the 
corresponding precipitate according to the invention, separating itself from the mother liquor. 



The anionic polymeric component, the amphiphillc component and the cydodextrin must be 
present in amounts which are effective to lorn a precipitate. These amounts may vary to a 
great extent, depending, for instance, on the specific compounds used for manufecturing a 
certain precipitate, the specific composition of the aqueous carriers as well as the processing 
parameters. Preferably, however, the anionic polymeric component is used In a quantity of 6 
to 30 %bv\^. In particular 7 to 25 %bw, based on the total quantity of anionic polymeric 
component, amphiphilic component and cydodextrin component, whereas the ampWphilic 
component and cydodextrin component are preferably used In greater amounts, for Instance 
the cycoidextrin component in quantities preferably ranging from 20 to 70 %bw. In particular 
35 to 65 %bw, based on the total quantity of anionic pojymeric component, amphiphilic 
component and cydodextrin component. The amphiphilic component Is preferably used in 
quantities of 10 to 76 %bw. more particularty of 15 to 70 %bw, most parlfculariy of 25 to 60 
%bw, based on the total quantity of anionic polymeric component, amphiphilic component 
and cydodextrin component. This Is more than about hundred times of what is necessary 
when such amphiphilic ammonium-type compounds are used to function as preservative as 
disclosed In EP-A-0 862 414 (cf. for instance Example 2 of this reference, the description of 
which Is explidtfy Induded into the Instant application). 

Suitable concentrations of the anionic polymeric component, the amphiphilic component and 
the cydodextrin in the aqueous medium or the canfer Into which they are Incorporated for 
being contacted with one another depend, of course, on the solubility of these components 
In said medium or said carrier. On the other side, due to the low solubility of the precipitates 
according to the Instant invention in aqueous media, these concentrations are rather 
uncritical and may be rather low. ranging for Instance from about ai %bw or even lower 
values upward. The maximum concentration, on the other side, is generalty limited only by 
the limited solubility of the components in question in the aqueous medium or the carrier. 
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Concentraeons, which are particularly advantageous in practice, range, for instance, from 
0.5 %bw to 60 %bw (where possible), preferably from 0.5 %bw (o 35 %bw . espedally 
1 %bwto20%bw. 

For the purposes of the Inetani application *^queous medium" and "aqueous canier are to 
be understood as a liquid medium or carrier comprising water as one, In particular as the 
major liquid component, preferably being present In amounts of 90 to 100 %bw of the entire 
aqueous medium or carrier- The presence of non^aqueous liquids in the aqueous medium or 
carrier Is not critical, as long as It does not prevent the formation of the precipitate, that 
means as far as the precipitate Is stW sufUdanf ly insoluble in the aqueous medium to be 
formed. The non-aqueous liquids must, of course, be acceptab/e In view of the intended use 
of the predpilate. tn a mors preferred sense "aqueous medium'' and "aqueous carrier" shail - 
mean a liquid medium or cam'er comprising water and 0 to not more than 5 %bw of one or 
more non-toxic non«aqueous liquids as the fiquid components. Most preferably, water of a 
suitable grade depending on the requirements of the application, for Instance, a de-ionfeed 
and/or sterilized water. Is the only liquid component which present in the aqueous medium or 
carrier 

The precipitates according to the instant invention are highly insoluble in aqueous media, as 
already mentioned above. Once the anionic polymeric component, the amphiphiiic 
component, the cyclodextrin and the componenfe. If present, have been brought into contact 
in the aqueous medium, the precipitates form generally rather fast, for Instance in course of 
a time period of a second or less to about 30 minutes. The yield In precipitate which can be 
Isolated is normally in a range of 30 to 100 %bw of the theoretically possible value (that Is 
the sum of the quantities of said educts), for Instance 40 to 90 %bw. The precipitates may of 
course comprise a certain amount of the liquid components of their mother liquor, that 
means in particular of water, the amount of water ranging, for instance, from about 2 to 
50 %bw based on the entire precipitate. Wet forms as obtained right after reaction contain 
usually higher amounts of water, for instance about 40% bw. Depending on the specific 
after-treatment of the precipitate (drying parameters etc.) the water content decreases in 
general to values ranging frequently from 2 to 30 %bw, for example from 10 to 20 %bw. It Is 
so possible to prepare precipitates according to the Instant invention having an even lower 
content fn water. 
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Afthough the detailed Internal structure of the precipltateB according to the oDventlon is not 
yet known, and without wanting to be bound to any theory, It Is Indicated by HPLC analysis of 
the preclpteles thai the components comprised In therein, in parlfcular the anionic polymer, 
the amphlphlllc compound and the cyclodextrtn compound, do not react with one another In 
a chemical sense when forming said precipitate. In particular, it does not seem as if covalent 
bonds would exist between any of these compounds. 

The precipitates according to the Invention generally fulfill the criteria expected from useful 
biomaterials- In partfcular, the precipitates do not invoke an Inflammatory or toxic response. 
They can be easily processed Info a desired product iom, can easily be sterilized, and 
exhibit an acceptable shelf life, Furthermore, they exhibit good mechanical properties. So, 
for instance, if the material is used for supporting injured tissue, its mechanical strength 
remains. In general, sufficiently strong unUI the surrounding tissue has healed. 



Certain materials according to the Invention show electric conductivity, for Instance a 
material comprising a prect>itate comprising hyaluronic acid as the anionic polymer 
component, gamma-cyclodextrin, cetyl-dlmethyK2-hydrDxyethyl)-Qmmonium 
dihydrogenphosphate as the amphlphlHc compound and optionally elemental iodine. 

Moreover, the precipitates according to the invention disintegrate fast In a natural 
environment and finally metabolize, for instance, in the body after having fulfilled their 
purpose without leaving traces. Th)B blodegradatlon Is, In general, the faster the more 
hydrophillc the backbone of the antonic polymeric component te, the more hydrophllte end-, 
groups it has and the more hydrolytically reactive groups Its backbone has, as well as the 
poorer the crystalllnity and the stronger the porosity of the polymeric material Is, which is 
comprised In the precipitates according to the Invention. 

A particularly surprising and valuable aspect of the instant invention is, that the precipitates 
according to the instant invention provide a water-Insoluble matrix vehicle which can 
Incorporate other components Inside of this matrix. Without wanting to be bound to any 
theory, it appears that these addittonal components are partially earned in moleculariy- 
entrapped form in the cyclodextrin groups of the pnsciptete and/or partially bound by other 
physical forces in the mlcellar-polymeric stmcture of the precipitate. Said other components 
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are released by the precipitate m a reproducibte and controIJabte manner, particularly In a 
prolonged manner as compared to when said further components would have been 
administered In free fom, so that precipitates according to the Invention which comprise 
such further components Incoiporated Into themselves represent depot fomiulattons of these 
further compounds. 

A preferred embodiment of the precipitates according to the Invention therefore comprises 
one or more further components, in addition to those mentioned above as already mentioned 
above. These other components are, for instance, selected from pharmaceutically active 
agents, pesticides, agrochemlcals, colorants, diagnostics, enzymes and foodstuffs. 

The anionic polymeric component of the predpilates according to the Instant Invention 
comprises one or more than one anionic water soluble polymers in admixture. 

With regard to these polymers "water soluble" means for the purposes of this application that 
at least 0.5 %bw and more, In particular 1 %bw and more of the polymer component can be 
dissolved In water. Suitable concentrations depend, in general, on the vteaisity of the 
resulting solution. Frequently It is difficult to handle aqueous solutions of more than 2 to 
3%bw of the polymer component because such solutions have already a too high viscosity. 
Sometimes such solutions may already be "solid" hydrogels. 

The term "anionic polymer^ means for the purposes of the Instant application a polymer 
comprising groups, which are at least partiafly dissociated In an aqueous medium, thereby 
fonning anionic molecular groups bound to the polymer and Imparting water solubility to the 
polymer compound, for example carboxylfc acid or carbopqrlic add salt groups. Suitable 
anionic polymers include nontoxic water-soluble polymers, such as hyaluronic acid, 
carboxymethyl-cellulose, other cellulose derivatives, such as melhylcellulose, carboxy- 
methylcellulose, hydroxymethylcellulose, hydroxyethylcenulose, methylhydroxypropyl- 
cellulose and hydroxypropyiceilulose, poly(meth)acrylic acid type polymers, like polyacrylic 
acids, such as neutral Cartiopol® or ethyl accylate, polyacrylamldes, natural products, such 
as gelatin, alginates, pectins, tragacanth, karaya gum, ;^nthan gum, carrageenln, agar and 
acacia, starch derivatives, such as starch acetate and hydro^nspyl starch carboxymethyl 
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stardh and water-solubFe sails of such polymers, and also other synthetic products, such as 
polyvinyl alcohol, polyvinyl pyrrolidone. polyvinyl methyl ether or polyethylene oxide. 

Preferred anionic po|ynr\erB ar© hyaluronic acid, cartx)xymethyi cellulose, carboxymethyl 
starch, alglnic add, polyacrylfc-acfd-type polymeric components, pectin, xanthan gum, 
tragacaniha gum. water-soluble salts of one of said components and mixtures of two or 
more of said polymers or polymer salts. Partlculariy preferred ar© hyaluronic acid, 
carbo)^methy( cellulose xantan gum, water-soluble salts of one of said components and 
mbdures of two or more thereof. 

The amphiphlllc ammpnium-type component of the precipitates comprises on© or more 
amphipWIic ammonium-type compounds. Suitable amphiphilic ammonium'-type compounds 
Include monomeric compounds having one or more, for instance two. quatemized 
ammonium groups and polymeric compounds, for Instance polymers or copolymers of 
monomers having a quaternized ammonium group. The molecular weight of suitable 
polymeric ammonium-type compounds ranges for InstancOi from 10000 to 1500000, in 
particular from 35000 to 1000000 (determined with the light scatter method), the charge 
density, for Instance, from 0.1 to 15, In particular from 0,1 to 10 meq/g. For the purposes of 
this application, the term '•ammonium-type compound" te understood as including also 
quaternized N-heterocydlc compounds, for Instance N-subsfltuted pyrldinlum compounds. 

Suitable amphiphlllc onlum type compounds Include catlonic surfactants, several of vjhlch 
are commercially available. Particularly preferred amphiphlllc ammonium-type compounds 
are, for instance, benzalkontum-chloride, benzoxonlum-chloride, cetylpyridinium chloride, 
• cetyJtrimethylammonlum bromide, cocamidopropyl-N.N.N.trimethylglycine, palmitoyi 
carnitine, sodium-cocylglutamate. Particularty preferred as well are suriactante as marketed 
under the trademari? Luwquat® (BASF) and similar types. These Include monomeric 
compounds like, for Instance, Luviquat^MONO CP, a 30% aqueous solution of 
celyldim6thyl(2-hydroxyethyl)ammonlum dihydrogen phosphate; Luviquat®MONO LS, a 30% 
solution of lauryl/myrlstyl-trimethylammonium methylsulfate in water (charge density c. 2.9 
meq/g; or Luvlquat^Dlmer 18. a 50% solution of hydroxypropylblsstearyldlmethylammonium 
chloride in a 60/50 mixture of water and ethanol. Suitable surfactants also Include polymeric 
compounds, in particular copolymers of vlnylpyrrolidone and/or vinylcaprolactam with 
monomere having an quaternized ammonium group like trialkylammonium(meth)acrylates or 
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N-alkylvinylImldd2ollnium bompounds. Suitable pofymeric surfactants have, for instance, a 
mofecular weight between 2S0O0 to 1000000 and mora (determined with the light scatter 
method) and a charge density ranging from 0.3 to 10 meq/g. Exampfes Include Luvrquaf^Q 
1 1 PN. a copolymer of 67 %bw vinylpymolidone and 33 %bw dimethylethylammonlum- 
methacrylate ethylsulfate having a molecular weight (determined with the light scatter 
method) of c. 1000000 and a c^rge density of 0.6 meq/g, in an aqueous solution of 19-21 
% solids content; Luviquat^Hold, a copolymer of 50 %bw vinylcaprolactam, 40 %bw 
vfnylpyrrolidone and 10 %bw N-methylvinyiimidazollnium methylsulfate having a mofecufar 
weight (determined with the light scatter method) of c. 700000 and a charge density of 0.5 
meq/g In a watei/ethanol solution of 19-21 % solids content; as well as Luvlquat^FC 370, 
Luvlquat^HM 552| LuWquat^C 905, Luviquat^Care, which are copolymers of 
vinylpyrrolidone (VP) and N-methylvinyllmidazol (QVI) In aqueous solution having a 
cornposltion as detailed In the following table: 



Trademark 


Composi 
VP 


Hon {%bw] 
QVI 


Anion 


Solids 
content [%] 


JViolecular 
Weight^ 


Charge 
Density 
[meq/gl 


Luvlquat^FC370 


70 


30 


cr 


38-42 


C. 100000 


2.0 


LuvIquat^FC 550 


50 


50 


cr 


38^2 


c. 800OO 


3.3 


Luviquat®HM552 


65 


45 


cr 


19-21 


c. 400000 


3,0 


LuvJquat*FC 905 


5 


95 


cr 


38-42 


a 40000 


6.1 


LuvlQuat®Care 


80 


20 


H3CSO4' 


6-7 


a 1000000 


1-09 



^determined with the light scatter method 



Suitable commercially available surfactants may also comprise small amounts of additives, 
for instance preservatives like aii<ylpardben compounds, and inert organic solvents, and can 
be readily elected by the skilled person according to the requirements In a specrfic field of 
use of the predpitatss. 

Another speciffc embodiment of suitabfe amphiphillc ammonium type compounds are 
con'espondlng cationic phospholipids, In particular lysophosphatldyl-choline compounds, 
phosphatidyl choline compounds like, for example, egg-yolk-phosphatidyl choline, 
sphingomyelin, corresponding sphingosine derivatives and mixtures thereof. Phospholipids 
like those have the advantage that they are of natural origin and therefore especially 
compatible to tissue, on the other side it has been found that hardness and consistency of 
precipitates comprising amphiphillc components of this type is less favorable as compared to 
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precipitates accoixling to the invention based on oilier emphiphilio amnftonium^type 
compounds. Phosphoiiplds may also be used in combination witli otl^er amphiphiiic 
ammonium-type compounds^ in particular In combination with those amphiphilic ammonium 
compounds mentioned above. 

The amphiphilic ammonium type compounds selected from the group consisting of 
benzallconium-chloride, benzoxonium-chloride, cetylpyridinium chloride cetyltrimethyl- 
amntonlum bromide, celylpyridinium chloride cetyltrimethylammonium bromide; 
cetyldimethyl(2-hydroxyethyl)anfunonium dlhydrogen phosphate (Luviquat^lVlono CP), 
cocamidopropyi"N,N,N,trimethylglycine, palmltoyf carnitine, sodium cocyl glutamate and 
mixtures of one or more members of said group are a particularly preferred choice for 
precipitates of the Instant Inventlon. 

The cyciodoxtrin component of the precipitates according to the Instant invention may 
comprise one or mora cyclodextrin compounds. A cyclodextrin compound as Is refarr&d to 
within the present application Is either alpha, beta orgamma'cycJodextrIn itself, a derivative 
thereof, for Instance, a partially ethertfled derivative as e.g. a hydroxyalkyi ether derivative or 
a mixture thereof. It should be noted that a randomly chosen cyclodextrin compound does 
not automatically form an inclusion complex with any randomly chosen other compound, 
which may desired to be Incorporated Into the precipitates of the Instant Invention. In such 
cases It Is therefore preferred to use th$ cydodexlrln compound that meets the cavity needs 
of other the component or components to be incorporated into the precipitate. These 
con-elations are know) to those skilled In the art. 

Appropriately substituted alpha-, beta- or gamma-cyclodextrins are, for instance* alkylated, 
hydroxyalkylated. carboxyalkylated or alkyloxycarbonyl-alkylated derivatives. Other typical 
e>«mples are carbohydrate derivatives of cydodextrins such as mono- or diglycosyl-alpha-, 
-beta- or-gammaKydodexlrin, mono- or dimaltosyl-alpha-. -beta- or-gamma-cyclodextrin or 
panosyf-cyclodextrln. 

Preferred precipitates according to the instant invention Include particularly those wherein 
the cyclodextrin component Is selected from alfa-cydodextrin, beta-cydodextrin, gamma- 
cydodextrin and mixtures thereof. 
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Where desired, the precipitates according to the Invention may also comprise small 
amounts, for Instance effective amounts from 0.0001 up to 6% bw, e.g. 0»1 to 3% bw, of 
compatible additives like, for example, stabllteerc or preservatives, and compatible modifiers, 
for Instance plastidzers or ftexibllizers, in addition to the components mentioned. 

The precipitates according to the Invention can, for instance, be manufactured by a process 
wherein the anionic polymerfc component, the gmphiphillc ammonium-type component, the 
cyclodextrin component and other components to be Incorporated Into the precipitate are 
contacted with one another either consecutively or simultaneously In an aqueous medium in 
amounts effective to form said precipitate, wherein at least the anionic polymeric component, 
the amphlphillc component and the cydodextrin component are present in a dissolved form 
when contacted, and wherein the amounts of the componente are chosen such that the 
precipitate forms. 

The formation of the precipitate In the above described process causes an immediate 
decrease of the viscosity of the reaction mixtures. The precipitate can thereafter be Isolated, 
for Instance by filtration or centrifugation, as a wet polymer. 

Optionally, a dry precipitate can be obtained after sufficient and careful drying. Drying can, 
for Instance, advantageously be accomplished by immersing the wet precipitate material, 
optionally after washing It one or several times, preferably with water, into a cooled volatile 
organic solvent, for Instance acetone, having a temperature of preferably less than 12 'C, 
leaving the material In contact with said solvent for a certain time period, for instance a few 
minutes to about one hour, separating it thereafter and removing the ren)alning solvent, 
optionally at elevated temperature and/or under vacuum. 

The dry precipitate when contacted with water again turns into an elastic, flexible, rubber-like 
plastic, that does not show significant swelling In water upon re-wetting. The re-wetted matrix 
appears physically stable when stored In water at ambient temperature for at least 6 months. 
No bacterfal or fungal Infections were observed when re-wetted matrix was stored for 6 
months In sealed polyethyiene bags containing de-lonlsed water. 



EiiPfaftgszBit 19. Apr. 10:57 



19/04 '02 FR 10:05 FAX 



-12- 

If d^lredr the precipitato can easily be brought Into any desired shape using conventional 
methods, like pressing or rolling for Instance. Just like that it is possible to fonrn fibers, 
sheets, or threads from the precipitates according to the invention. 

In a preferred embodiment of the process for manufacturing the described precipitates, the 
anionic polymeric component, the cyclodextrin component and further components which are 
soluble in water and are to be incorporated into said precipitate are dissolved In an aqueous 
medium to form a first composition; the amphlphllto ammonium-type component and further 
components which are insoluble in water and are to be incorporated into sakl precipitate, are 
blended with a suitable llqukJ carrier, preferably also an aqueous medium, to form a second 
composition, and said first and second composition are blended to fomi said precipitate. 

This embodiment of the process can, for Instance, advantageously be used to form a coating 
of a precipitate according to the instant invention on a solid carrier. In this case, the process 
includes coating the carrier with said first composition, and a subsequent treatment of the 
so-treated earner with said second composition to fomi a coating of said predpltate thereon. 
Administration of said first and/or second composition onto the canrier can, for instance, be 
achieved by spraying, or by any other suitable method. 

With regard to their blomaterial-propertres, the precipitates according to the instant Invention 
are pariticularly useful for biomedical applications. They can be used as such, that means 
without any airther components, for instance, for making biodegradable surface coatings, 
surgical wound covers, dressings or threads. 

A specifically useful embodiment of the instant invention however, are precipitates 
comprising one or more further components which comprise a phanmaceulicaily active 
agent The pharmacauHcally active agent may, for instance, be selected from the group 
consisting of steroids, prostanoids, nitric-oxide prodrugs, antihistamines, antibiotics, 
cytostatic agents, antlvirals, peptide hormones, local anesthetics, antiglaucoma agents, 
antiinflammatory agents, antihypertensives, antianglogenic agents and suitable mixtures 
thereof. The amount of phamiaceutically acBve component can vary in broad ranges and 
according to the specific indication and requirements. Suitable amounts of pharmaceutical 
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acth/e inflredtent range, for instance from 1 to 2P %bw, espedaKy from 3 to 16 %bw, more 
espedaily from 5 to 10 %bw» based on the entire precipitate. 

These phamiaceutlcaliy effective precipitates are, among other things* useful for 
manufacturing medi'caf devices such as medical Implants or inserts, or medical surbce 
coatings, surgical wound covers or threads. 

Particularly preferred, however, is the use of such precipitates in Oie manufacture of 
phamiacButics, The invention therefore also relates to a pharmaceutical composition 
comprising a predpitate according to the invention which comprises a pharTnaceutically 
active agent 

In particular, the generally prolonged release of pharmaceutlcally active agents from the 
precipitates as compared to when said pharmaceutlcally active agents would be 
administered In free form, makes the precipitates of the instant Invention Gxtremely useful, 
for instance, for manufacturing depot fomiulations of aU types of jshannaceutlcally active 
agents. 

While said pharmaceutical compositions can, of course, be administered in any suitable way, 
it Is also possible to administer such compositions by consecutive or simultaneous 
administration of one or more compositions, each comprising one or more than one of the 
components of the precipitate Intended to administer, and forming said precipitate In sftu at 
the place of administration. By the way of example, such partiai compositions can, for 
instance, be iniected Into a living body, e.g. subcutaneously or intramuscularly, in order to 
form thereby fn sftu a subcutaneous or Intramuscular depot of a desired phanmaceutically 
active agent at a desired place. It is as well possible, for Instance, to administer 
pharmaceutical compositions onto wounds, 5i<in or other solid organic surfaces by 
consecutively spraying such partial compositions onto the desired place thereby forming a 
coating at said place which is able to deliver a desired pharmaceutlcally active agent at said 
place over a long time period. 

A further subject of the Instant Invention is therefore a kit for administering a pharmaceutical 
composition according to the Instant invention to a subject by simultaneous or preferably 
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consecutive administratfon of parts of said composition to said subject thereby forming said 
composition in sHu at the place of administration, which l<it comprises two or more than two 
partial compositfons, each comprising one or more but not all of the components of said 
pharmaceutical composition, whereby the components Intended to form the precipitate are 
present in said compositions for consecutive or simultaneous admlnlstnatlon in amounts 
effective to form the precipitate when contacted with one another. 

A specific form of the described kit comprises a first composition comprising the anionic 
potymerlc component, the cydodexfrin component and the further components to be 
incorporated into said precipitate which are soluble In water, dissolved In an aqueous 
medium; and a second composition comprising the amphiphilic ammonium component and 
the components to be incorporated into said precipitate which are Insoluble in water, blended 
with a suitable liquid canter, preferably an aqueous medium. 

Specific embodiments of this kit include corresponding kits for subcutaneous or 
intramuscular administration of the pharmaceutical composition, and for administration of the 
pharmaceutical composition by spraying, for instance onto wounds, skin or other solid 
organic surfaces. 

A further subject of the Instant invention is a method of administering a pharmaceutrcally 
active compound to a subject in need thereof, comprising the administration of a 
phamiaceutical composition according to claim 15 or 16 comprising said pharmaceutlcally 
active compound. 

Still another subject of the inventton is a method for administering a phamiaceutical 
composition as described above to a subject including the simultaneous or preferably 
consecutive administration of two or more than two partial compositions, each comprising 
one or more of the components of said phamiaceutical composition, thereby forming the 
phamiaceutical composition fn situ at the place of administration, wherein the components 
intended to form the precipitate are present in said partial compositfons in amounts effective 
to form the precipitate when contacted with one another. 
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A specifFc embodiment of said method Includes the simultaneous or preferably consecutive 
administration of a first composition comprising the anionic polymeric component, the 
cydodextrin component and the further components comprised In said precipitate which are 
soluble In water, dissolved In an aqueous medium; and a second composition comprising the 
amphiphiiic component and components comprised in said precipitate which are insoluble in 
water, blended with a suitable liquid canter, preferably an aqueous medium. 

The partial compositions can, for Instance, be subcutaneously or intramuscularly injected fn 
the subject or be administered onto wounds, skin or other solid surfaces of a subject, 
preferably by spraying. 

The following examples explain the invention fn more detail. 

Examnie 1: Preparation of the hyaluronic acld/surfactant/gamma-cyclodextrin blomaterial 

This Example describes a basic precipitate according to the Invention and a method for ' 
preparing the s^e. 

60 g of gamma-cyciadextrfn (gCD) is dissolved In 950 g of deionized water at 25 ''C, 
resulting in a slightly hazy solution. To the stirred gCD solution 10 g of sodium-hyaluronate'is 
added and the mixture is stirred for 60 minutes at 25 X to obtain a clear or slightly 
opalescent, dense solution with no solid particles. To this aqueous solution 65 mL of 
Luvfquat Mono CP solution containing 30% (19.5 g) of cetyl-dimethyl-(2-hydroxy-ethyl)- 
ammoniumdihydrogenH)ho8phate is added during agitation with 150 rp.m. CThe commercial 
Luviquat IWono CP sofufron rs purchased from BASF). The solution turns a white suspension 
and in about 20 minutes after addition of the surfactant white, rubber-like polymer precipitate 
Is formed. The reaction mixture is stin'ed for an additional 10 minutes with 150 r.p.m, then 
allowed to stand at ambient temperature to settle down the body precipitate. The product Is 
Isolated by filtration and washed 3-times with 500 mL of delonised water. The washed wet 
product is a white rubber like viscoelastic polymer. After drying In vacuum at ambient 
temperature 60 g of white, amorphous solid is obtained. (yie)d:75%) 

Three different batches following the above technology were prepared and analyzed by 
HPLC method. Table 1. lists the analysis results of the formed Insoluble polymeric matrices 
after re-dissolved in methanol. 
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Tabie 1, HPLC analysis results of the composition of precipitates prepared according to 
Example 1. 



Batch No. 


composltton by HPLC (%) 


yield {%) 




Na-hyaluronate 


g-CD 


Luviquat^'Mono CP 




20/51/1 


12.4 


56.9 


18.0 


75 


20/51/2 


12.7 


52.0 


26.3 


74 


20/51/3 


12.8 


62.0 


26.0 


71 



It Is concluded from the above data that the reproducibility of the manufacturing method is 
acceptable. The products prepared according to Example 1. have similar composition as 
shown by HPLC analysis. The mother liquor of the above reaction mixture was analysed by 
HPLC and found to contain both gCD and surfactant, but not even traces of the hyaluronic 
acid sodium salt 

ft fs moreover of analytical Importance to know the actual water content of these dried 
blometrials. The water content of samples was determined by both loss on drying and Karl- 
Fisher methods, The water content of three consecutive batches Is given in Table 2 below: 



Table 2 . Water content and loss on drying values of the blomaterials according to 
Example 1. 



Samplle 


water content by Karl Fisher 

(%) 


Loss on drying (%) 


20/61/1 


14.3 


15.9 


20/51^ 


14.8 


15.5 


20/51/3 


14.0 


16.0 



Differential scanning calorlmetry shows water lossfes of at different temperature ranges. This 
Indicates that the water content of samples according to the present invention Is composed 
from water ftactlons bound In different manner. 



Example 2: Physical and chemical characterization of the blomaterials according to 
Example 1. 

Chemical composition 

The analysis of the composition of the hyaluronic acld/surfactant/gamma-cyclodextrin 
blomaterials was can-ied out by using HPLC and Capillary Electrophoresis techniques. These 
techniques besides the composition of the matrices gave infomriatlon about the chemical 
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intactness of aU three component present In the matrix, indicating that no chemical 
conversion of the components took place upon fEwmation of the blomaterial. Near-infrared 
(NIR) and NMR spectroscopy provided further evidence to the fact that no new chemical 
entity Is fomied upon the Interaction of the three component yielding water-insoluble matrix. 

I 

5olid state characteristics o f Hyaluronic acid/aCD/surfactant matriy 
The white, stone hard solid matrix appears X-ray amorphous. No exact melting point can be 
determined by using conventional melSng point apparatus. Upon heating the solid materfal 
does not show any phase transWon up to 21 0 •d, however, above this temperature the 
polymer matrix Umis brown and gets themnally degraded. 

Thermal analysis by Differential Scanning Calorimetry In inert gas atmosphere has further 
supported the above observation. In nitrogen atmosphere the blomaterials accoitJing to the 
present invention show no exact melting endothermic peak. However, they are characterized 
by a very broad endothermic heat flow, taking place between 40-1 88 'C. This process has a 
maximum at around 100 ^C, thus It seems to be related to the loss of bound water At higher 
temperatures this process Is probably overiapped by a glass transition. The endothermic 
, heat-^flow Is followed from 188 by a sharp exothermic heat-flow with a ma)dmum at 

216 "C. This Is assumed to be the consequence of either a solid state chemical reaction 
between the constituents, or - more likely ^ the thenmal degradation of the polymeric matrbc. 

Example 3; Preparation of a Luvlquat Mono CP slrfactant/hyaluronic add/alfa-cyclodextrin 
blomaterial ^ 

16 g of alfa-cydodextrin (aCD) Is dissolved in 160:g of delonlsed water at 25 X. To the 
stln^d aCD solution 2,0 g of sodlum-hyaluronate i^ added and the mixture Is stirred for 45 
minutes at 26 to obtain a dear dense solution. [To this splutlon 6.6 mL of Luvlquat Mono 
CP (a 30% aqueous solution purchased from BAS!F) is added during agitation. The solution 
turns a white suspension and In 30 minutes after addition of the surfactant white mbber-like 
polymer predpitate occurs. The reaction mixture Is stirred for 30 minutes, then allowed to 
stand at room temperature to settle down the precipitate. The precipitate Is Isolated by 
filtration and washed with 5 times 30 mL of delonis'ed water. After d/ying In vacuum at 
ambient temperature 12 g of a white, glassy solid obtained. (yletd:60%) 
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Example 4: Preparation of a Luvi'quat Mono CP suifactanl/hyaluronic add/beta-cydodextn'n 

biomaterial 

j 

18 g of beta-t^clodextrln (bCD) is dissolved in 800 grams of deionlsed water at 37 "C. To the 
sHn-ed bCD solution 2.0 g of sodlum-hyaluronafe is addad and the mixture is stirred for 30 
minutes at 37 '^C to obtain a slightly opalescentjdense solutkin with no solid partldes in it To 
this solution 6,5 mL of Luvlquat Mono CP (a 30% aqueous solution purchased from BASF) is 
added during agitation. The reaction mbcture Is cooled from 37 "C to 25 solution turns a 
white suspension and In 45 minutes after completing the addition of the surfactant white, 
amorphous polymer precipitate occurs. The reabtion mixture Is stin-ed for 30 minutes at 
20 •'C . then allowed to stand at refrigerator. Th6 precipitate is isolated by filtration and 
washed with 5 times 15 mL of delonised water. jXfter drying in vacuum at ambient 
temperature 7.0 g of white, glassy solid ijs obtained. (yleld:31.8%) 



Replacemerit of hyaluron ic acid with other anionic polvmeg, 

it has been fbund that the basic phenomenon of the fomiation of water^nsoluWe 
biomaterlals observed for hyaluronic acld/quatenary-ammonium-type surfactant/ and 
(^clodextrins occurs also with some other water-jsolubie, anionic polymers of different 
chemical stnicture. It is assumed that anionic pojymers react with cationic amphiphlllc 
molecules {e.g. surfactants) via an ionic Interactibn and cydodextrfns are bound to this 
macromolecular salts by apolar-apofar InteractloA on the lipophilic tail of the surfactants. This 
Is why even excessive washing with water can nek remove the highly soluble cydodextrln 
component of the polymeric matrices. | 
The following common water-soluble ionic polymers were Involved: 
Dolvsaccharides: 
-Sodium-alginate 
-Cartoxymethyl-ceHutose 
-Carbo)Qmiethyl starch 
-Xanthan gum 



-Pectin 



! 



"Tragacantha gum 
"Dolvacrvlates: 
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-Carbopol 980 NF 
-Ploni©rNP37N 

Each of the above three anronic polymers were 
quaternary ammonlun>type surfactants and 
insoJuble precipitate, as it is desdribed in detaif 



bund to give a positive reaction with 
oyclodextrins. i.e. they all fbrmed a water 
tiy the following Examples, 



gxapipfe 5, Preparation of Carboxymethyl^ellulose(CMC) /Cetyl-trimethyl-ammonlum- 
bromid©(CTAB)/g-cydodextrln (gCD) blomateria 

Two separate aqueous solutions were prepared ^t room temperature and reacted ae follows 

Solution No.1.: 100 mL of 1% Carboxymethyl-cellulose was prepared and upon sCiTing at 
25 5g of crystalline gCD was added portlonwlse and dissolved. 

Solution No.2.: 100 mLof 5% CetyMrlmethyi-amifnonium-bromId© containing aqueous 
solution. 

Procedure: Solution No. 2. was added to Solution No.1. during a slowstining (around 30 



r.p.m.} at 25 •C. Upon feeding the solytion No.2, a white precipitate fonned Immediately: 
After the two solutions were thoroughly mixed for 1 0 minutes with about 30 r.p.m,, the 
formed insoluble matrix was filtered off on glass filter by vacuum. The wet precipitate was 
washed five times with 100 mL of deronlsed water. The water washing was found to Improve 
the consistency, the physical/mechanical properties (elasticity, hardness) of the matrix 
formed. The wet washed product was spread In about 3-5 mm thick layer and allowed to dry 
on air forl2 hours. 

^eld: 8.2 g (74%) of white, amorphous polymer was obtained. 

Table 3. Composition of polymeric matrices prepa ed according to Example 4. 



Sample 


Analysis of cor 


nponents by 


f^PLC(%)* 




CMC 




a-CD 


CTAB 


Matrbc 
Example 5. 


About 12 




about 52 


about 30 



Example 6. Preparation of Xanthan gum/Cetyl-trlmle1hyl-ammonlum-bromide(CTAB)/g- 
cyciodextrin (gCD) blomaterial 

Two separate aqueous solutions were prepared at ^oom temperature and reacted as follows: 
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Solution No.1.: In 100 mL delonlsed water 1g 
stirring at 25 "C 5g of crystalline gCD was adde^. 
dense, solution. 

Solution No.2.: In 100 mL of delonlsed water 5g 
dissolved, resulting In a clear, transparent soluti 

Procedure: Solution No. 2. was added to Solution 
r.p.m.) at 25 ""C. Upon feeding the solution No.2 
Immediately, After the two solutions were Ihoroui 
r.p.m., thefomied insoluble Jelly-like matrix was 
coloriess polymeric body was washed five times 
product was spread in about 3-8 mm thick 

Yield: 9.1 g (81%) white, glassy polymer was 



ofiXanthan gum was dissolved, then and upon 
The resulting solution was a slightly turbid, 



Cetyl-trlmethyl-ammontum-bromide was 

No,1. during a slow stirring (around 30 
a coloriess precipitation formed 
h!y mixed for 1 0 minutes with about 30 
: lltered off. The wet slightly opalescent 
vith 100 mL of delonlsed water. The wet 
layer^and allowed to dry on air for 12 hours. 

obtained Its composition Is shown in Table 4. 



Table 4. HPLC analysis results of the compositioip of pblymeric matrices prepared according 
to Example 6. 



SamDie 


Analysis nssults of 


somoonents bv HPLC {%)* 




Xanthan gum 


9: 


•CD 


CTAB 


Matrix as per 
Example 6. 


About 10 


al 


fout 50 


about 35 



The resulting solution was a slightly turbid, 



Examoie 7 . Preparation of Xanthan gum/benzalkc nium chlrolde{BAC)/g-cydodextrin (gCDJ 
biomaterial 

Two separate aqueous solutions were prepared at room temperature and reacted as follows: 
Solution No.1.: In 100 mL delonlsed water 1g of Xanthan gum was dissolved, then and upon 
stirring at 25 "C 5g of crystalline gCD was added, 
dense, but stirrable solution. 

Solution No.2.: In 10 mL of 50% (w/v) benzalkoniujm chloride was used. 
Procedure: Solution No. Z was dropwiae added to Solution NoJ. during a slowstlm'ng 
(around 45-50 r.p.m.) at 25 "C. An immediate predpitatlon formation was observed when 
benaalkonium chloride solution was added. Atter tlje two sohjfons were completely unified 
and thoroughly mixed, dense Insoluble coloriess pot/meric body was formed. The insoluble 
Jelly-like matrix was obtained by filtration. The wet iolymeric body was washed five times 
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with 150 mL of deionteed water, and spread W> about 3-5 mm thick rayers, and alfowed to 
diy on air. 

Yield: 10.2 g (92%) colorless polymer was obta ined. 

■^yppfe fl- Selection of the quaternary amnion urn type surfactant constituents for 
biomaterial production 

The following commercfelly available surftictani t of different molecular stotcturB have been 
selected ae suitable ones for making biomateris Is according to the present invention: 

cetyl-pyridinium-chtoride, CPC, (Merck) 

cBtyMflmelhyl-ammonlum-bromlde, CTAB, (ivieick) 

benzalkonium chloridep BAC, (Eu. Pharm. Gradl, Novartis) 

benzdxonfum chloride, BOC, (Eu- Phanm. Grade , Novartis) 

cocamWopropyl-N,N.N,trimethyl-glycine(Go[dsc1mldt) 

Luviquat'TM (BASF) product group of surfactants : Luvlquat Hold, Luvlquat FC 905, LuvFquat 
FC 550, Luvlquat FC 370, Luvlquat Care, Luvlquat HM 552, LuvlquatPQ 11 PN, Luvlquat 
MONO CP, LuvlquatMONO LS, 



derivatives bearing quaternary ammonium 



Example 9 , Appfication of amino acid and amine 
moiety for the preparation of biomaterial 

The substitution of the quaternary ammonium ty|je 
tissue-friendly analogous compounds could fmprcive 
polymeric matrices. The systematic screening ha > 
analogous substances carrying a quaternary amr ionium 
are not appropriate to form a water-Insoluble matrix 
Table 5.) 



surfactants with naturally occurring, more 

the practical usefulness of these 
Jead to the recognition that structurally 
moiety without longer alkyi-c^ain 
according to the present Invention. (See 
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Table 5 . Reaction of hyaluronic add, a quaternary ammonium type substance and gCD 



surfactant substitute 


reaction wfth Hy^ 
acid/gCD 


iluronic 


rennarl<s 


choline chloride 


no predplta 


te 


reaction mixture remains 
clear 


L-camftine 


no preciplfa 


e 


reaction mixture remains 
clear 


N-guanidlnomethyl L- 
Arginin© 


no precipita 


e 


reaction mixture remains 
clear 


N,N,N,trlmBthyl-L-Lysine 


no preci'pital 




reaction mixture remains 
clear 



It can be seen from the at>ove data, that the presence of a lipophilic part on the quaternary 



requisite for precipitate formation, thus the 



ammonium-type compounds is an Important pre- 
substance must be of amphlphiltc character. 



Example 10 . Selection of the non-surfactant quaternary ammonium ^pe components for 
building blomateriais 

It has been found that besides the above matrix Ibrming cationic surfactants some of the 
naturally occurdng, tissue compafible phospholipids can also be used for making 
biomaterfals according to the present invention, owever, the hardness and consistency of 
such blomateriais are less favourable than those :>f the blomateriais made of surfactents. 

The following substances were found to buHd pol][meric matrices with anionic polymers: 

-sphyngomyellne 

-sphyngoslne 

-lysophosphatidyi-choline 

Example 11. incorporation of the water-^olubfe K^lotifen hydrogenfumarate drug into the 
biomateriai according to Example 1. 

The drug-loaded polymeric matrices can principallir be prepared in a one pot reaction. If the 
drug active to be Incorporated is a water soluble one, It will be dissolved together with the 
cycloldextrin and the water soluble anionic polymer component. The water insoluble actives 
can be incorporated In a similar manner, except that they will be dissolved together with the 
surfactants or phospholipids, as detailed below: 
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5.0 g of gCD (3.9 mMol) was dissolved In 69.7 i of delonlsed water. To the strrred gCD 



solution 1.6 g of KetoUfen-hydrogenfumamte (3 
then 1 .0 g of Na-hyaluronate was added and th 
solution and the mixture was stirred with 600 r.p 
mixture became a dense, viscous solution In about 16 minutes. To this dense solution 3.3 
mL of Luvfquat Mono CP 30% solution, equvlval 5nt to 1 .Og of surfactant was added 
dropwise. The dear reaction mixture Immedlatel / 

semf-solid "body", a precipitate was fonne* Fur her stirring for 30 minutes at room 
temperature a white. rul)ber-lii<e polymeric matriic was obtained. The Insoluble material was 
isolated by simple filtration. The wet product was washed 5-times with 5 mL of cold water, 
and dried to constant weight at ambient tempera ture in vacuum. Yield: e.2g (70% yield) of 



9 mMoO was added with continuous stirring, 
e slightly ha^ Ketotffen-g-q^clodextrin 
m. for 60 minutes at 25 °C. The reaction 



whte, glassy soHd, with a Ketotlfen content of 8.(ft 



Example 12. Pharmaceutical performance of the 
Example 1. 

Two consecutive batches of the polymeric matrix 
the selected water-soluble investigational drug, 
with the method described in Example 11. The In 
formulation was earned out as follows: 



HA/gCp/Mono CP matrix according to 

were prepared at lab scale and loaded with 
Ketotlfen hydrogenfiimarate in accordance 
vitro release profile of the Ketotffen depot 



1 g of the dry polymeric matrix loaded with Ketotlflen' 
Example 1 1. was stirred with 600 r.p.m. in 50 mL 
amount of Ketotifen-hydrogenfumarate was deten|nined 
release test on the two parallel batches are listed 



en-hydrogenfumarale according to 
3f delonlsed water at 37 The neleased 
by HPLC. The results of the in vitro 
n Table 6. 



Q)02d 
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Table 6. Release of Ketolifen-hydrogenfumarate from two consecutive batches of the 
HA/gCD/Luvlquat Morio CP polymeric matrix according to Example 1. In delonizod water at 



37 -C. 



time (minutes) 


Released Ketotlfen-hydiX).genfumarate (mg/mL) 




HA/gCD/ Mono CP/drug 
(Batch 1) 


HA/gCO/ Mono CP/drug 
(Batch 2) 


5 


0.19 


0.20 


10 


0.29 


0.30 


20 


0.37 


0.42 


30 


0.45 


0.60 


40 


0.50 


0.65 


50 


0.62 


0.56 


60 


0.50 


0.62 


80 


0.58 


0.63 


100 


0.57 


0.66 


120 


0.62 


0.64 



The above data show that the batch to batch reproducibility of the process leading to dmg- 
loaded matrices Is acceptable and results in blomaterials with repoduclble phanmaceutical 
pBrfbrmanoe. It was found that about 40% of that of the total Input amount of Ketotlfen was 
released within two hours In sUnred aqueous system from the HA/gCD/ Mono CP matrix 
according to Example 1„ whilst the release of the non-formulated plain Ketotlfen is a much 
faster under the same conditions. (The same system without any stirring, i.e. only allowing to 
stand In water, will release 40% of the loaded Ketotlfen hydrogen fumarate In about 4-5 days 
only.) 

Example ia > Effect of the change of matrix composition on the release of water-soluWe 
drugs. 

The change of the composition of the water-insoluble matrices prepared according to the 
pr^ent invention was found to affect the release profile of the embedded daigs. Matrices 
with S% Ketotlfen load were prepared as described In Example 11. Using two different 
Hyaluronic acid containing reaction mixtures. One contained 1%, while the other 0.5% 
hyaluronic acid. The reduction of the Hyaluronic add content In the reaction solution by 50% 
was found to result In such a drug-loaded blomaterial, from which the Ketotlfen release was 
much less retarded. (See Table 7.) The fn vitro dissolution test was perfomned as described 
In Example 12, 
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I^^SLL In vitro release of Ketotffen-hycfrogenftjmarate in defonfsed water from different 
HA/gCD/Luviquat Mono CP matrices at 37 "C. 



time (minutes) 


Released Ketotifen-hvdroaenfumarals (ma/mL'i 




matrix made with 1.0% 
Hyaluronan 


matrix made with 0.6 % 
Hyalurandn 


5 


0.20 


0.49 


10 


0.31 


0.60 


20 


0.37 


0.69 


30 


0.44 


0.76 


40 


0.50 


0.78 


60 


0.55 


0.78 


60 


0.55 


0.79 


80 


0.60 


0.88 


- 100 


0.60 


0.90 


120 


0.62 


0.95 



Based on the above data it can be stated that the in vitro release of water soluble drugs from 
the biodegradable matrices according to the present Invent/on can be adjusted by changing 
the amount of the polymeric component In the blomaterlals. 

Example I^ ^Preparstlon of carboxymethyJ-cellulose/Cetyl-trlmethyl-ammoniurrHbromlde /g- 
cyclodextrin blomaterlal 

Two separate aqueous solutions were made. 

Solution No. 1.: 100 mL of 1% carboxymethyl-cellulose and 6% 
g-cyclodextdn containing aqueous solution 

Solution No.2.: 100 mL of 6% Cetyf-trimethyl-ammonlum-bromide containing aqueous 
solution 

Procedure: 

Solution No. 2, was added to Solution No.1. during a slow stirring (around 30 r.p.m.) at 
25 ''C. Upon feeding the solution Nd.2. an Immediate white precipitation occurred. After the 
two solutions were mixed for 10 minutes with about 30 r.p.m. the formed insoluble matrix 
was filtered off by vacuum, and washed S-times with 100 mL of delonlsed water. The water 
washfng was found to improve the consistency* the physical/mechanical properties 
(elasticity, hardness) of the matrix formed. Further washing did not reduce the amount of 
Insoluble material. 8.1 g white amorphous solid (yield:74%;i was obtained. 
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ExamplB 15, Preparation of Carboporsso NF/cetyttrfmethylammonium bromide/ 
gamma-cydodextrin biomaterial 

Sorution No.1.: 6 grams of gCD and 1 gram of Carbopol** were dissolved fn 80 mL of 
deionised water. 

Solution No.2. : 3.3 mL of 30% Of Luvlquat^Mono CP solution. 

Procedure: Solution No.2 was added to the stiaed Solution No.1- at 25 •C. Upon mixing the" 
two solutions a white precipitate was fonned. After about 30 minutes of reaction time no 
body formation was observed, only a flofly white predpitate was obtained. The reaction 
mixture was placed into refHgerator (5 *C) for 12 hours that resulted In the formation of a 
dense gel Dilution of this gel with 4000 mL of deionlsed water, a white insoluble polymeric 
matrix settled down. The precipitate was filtered off and washed with 5-times 100 ml of 
water. The resulting matrix was 6,3 g white, elastic stable material {yield: 75%). 

^ample 16 . Surface coating with polymer/cydodextrfn/surfactant combinations 

It has been surprisingly found that among the studied anionic polymers Carbopoi and 
carboxymethyl-cellulose provide after reaction with qautemary ammonium type surfactants 
and cydodextrin a product that can be used in diluted form to cover different surfaces with a 
water-Insoluble coating. 

Metal, glass and polymer and skin surfaces were treated by applying after each other the 
reaction mixtures according to the present Invention. (Aqueous polymer and cydodextrin 
solutions, followed by catlonfc surfactant solution). After drying a ffexible, but continuous 
polymeric layer was formed on the surfaces treated. The coating can not be washed away 
not even with excessive amounts of water. Only strong physical intervention, excessive heat 
or the bio-erosion will remove or destroy these coatings. A stainless steel surface was 
coated with Carbopoi/ Cetyh-trimethyl-ammonlum-bromide /g<yclodextrin composition made 
according to Example 16, The coating formed on the steel was found to resist to excessive 
water washings, 20-times 100 mL water washing did not remove the coating from the 
surface. However, after 10 times washing with 100 mL of 0.9% aqueous NaCI solution the 
physical erosion of these coatings was initiated. The extent of physical degradation was 
found to increase with Increasing Ionic strength of the sunToundfng solutions. 
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Exan^ple 17> Surfacse coaUng with hydrocortison-foaded polymer/cydodextrin/surfactant 
combinations 

Steifniess steel surface (area »1$ cm^) was treated after^each other with the following two 
solutions made according to the present invention: 

Solution No.1.: 5 g of g-cyciodextrin and 1 gram of Carbopol were dissolved in 90 mL of 
deionised water. 

Solution No.2.: 3.3 mL of 30% Of lajviquat l\4ono CP fioiutlon, containing about 1 g of cetyl- 
dlmethyI-(2-hydroxyethyi>^mmonlum hydrogenphosphate. In this solution O.lg of 
hydrocortison was dissolved. 

The metal surface was treated tiy solution No. 1. first followed by solution No.2. The white 
precipitate covered the steel surface within 5 minutes. The sur^ce was allowed to dry on air 
The In vitro release of the entrapped hydrocortison from the meatal surface was tested In 
water and in 0.9% NaCI solution at 37 After 2 hours of stirring in water only about 20pg 
hydrocortison was released, while during the same time in 0.9% NaCI solution about 90 pg 
steroid was released. 



Example 18. Characten'stfcs of the physical erosion of the polymer/surfactant/cyciodextrin 
matrices 

Since the principle of the fomnation of polymer/cyclodextrin/ surfactant Insoluble matrfoes Is 
the combined effect of the electrostatic and apolar-apoiar interactions it was ejected that - 
in accordance with published data - the presence of salts (NaCI, NaBr, KOI etc.) will initiate 
and accelerate the disassembly of these supramolecular matrices. Indeed, it was found that 
In the presence of salts like NaCI these matrices, espedally those made of Hyaluronic add 
decompose physically, in a cation concentration dependent manner. 

Under isosmotic conditions f.e. in 0.9% NaCI solution the hyaluronic acid/surfactant/gCD 
insoluble materials turn water- soluble between 6-*10 days of storage at room temperature. 

Under hyperosmotic conditions <e.g. in 5 or 10% NaCI) solution a complete dissolution of the 
matrices takes place within 2 days. 

The biomaterials made of Carbopol or Carboxymethyl-collulose/surfactant/cydodextrin, 
however, remain physically much more stable even in 6% NaCI solutions. These 
biomaterials do not show disintegration after 20 days of storage In 0.9% NaCI. Therefore for 
longer lasting depot formulation the Carbopol* and Carboxymethyi-cellulose based 
biomaterials can be preferably used. 
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Example 19 . Release of curcumine from colorant-loaded blomaterials according to the 
present invention 

The colorant loaded bfomaterials were made by dissolving curcumine colorant in the 
surfactant applied. ThQ colorant loaded bfomaterials made according to Example 1 1 
contained 4.5% curcumine by weight The yellow colored nraatrlces were cut into two equal 
size parts and Immersed Into deionised water and to 0.9% NaCI solution. The in vitro release 
profiles of the colorant fnanri the solid materices was determined as follows: 

10 g of the polymeric matrices loaded with curcumine according to Example 1 1 . were stirred 
with 600 r.p.m. in 50 mL of delonfsed water at 37 'C. The amount of curcumine released was 
determined by spectrophotometry. The reisuits.of the In vitro release test are (feted In 
Tables. 

Table 8 . Release of curcumine from Hyaluronic acId/benzalkonium-chlorlde/gCD blomaterlal 



In water and in 0.9% NaCI at 26 -C. 



time (minutes) 


Released Curcumfne (%)* 




in water 


in 0.9% NaCI 


5 


1.6 


8.5 


10 


2.9 


13.3 


20 


3.2 


13,4 


30 


3.2 


15.3 


40 


3.5 


18.0 


50 


4.1 


18.6 


60 


4.5 


26.7 


80 


4.8 


27.3 


100 


5.5 


27.6 


120 


6.2 


28.5 



*If the entire amount of curcumine is released it means 100% 



The above data indicate that the extent of release of entrapped materials from the 
biodegradable matrices according to the present invention is governed fay the actual Ionic 
strength of the dissolution/surrounding media. Whenfsuch blomaterials loaded with 
phamiaceutk?al actives are implanted the release of the entrapped acth/es will be governed 
primarily by the ion concentration of the sorrounding tissue, and to a lesser extent by the 
enzymes present. 
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Example,20> Release of a steroid drug from drug-loaded biomaterials accoiding to the 
present fnventlon 

The sferofd-Ioaded biomaterlal was prepared by dissolving testosterone fn (ho 
benzalkonium-chloride surfactant The drug-loaded bfomaterial made according to Example 
1 1 contained 9.0% testosterone by weight The testosterone loaded mafarfces were cut into 
two equal size parts and Immersed Into delonlsed water and to 0.9% NaCI solution. The In 
vitro release profiles of the steroid from the solid matrices was detemilned as written below: 

10 g of the polymeric matrices loaded with testosterone acooniing to Example 11, were 
stirred with 300 r.p.m. In 100 mL of dejonteed water and In 100 mL of 0.8%, 3.0% and 5.0% 
NaQ solutions at 37 •C. The amount of testosterone released was determined by 
spectrophotometry. The results of the fn vitro release test are listed In Table 9. 



Table 9. In vitro release profile of testosterone from Hyaluronic acldAjenzalkonlum- 
chloride/gCD biomaterlal in water and in NaCI solutions of different concentrations at 37 •a 



time (hours) 


released testosterone (% 


1 of the toteii input amount 




in water 


In 0.9%NaCI 


in 3% NaCI 


in S%NaCi 


1.5 


2.0 


9.6 


17.0 


18.0 


3.0 


4.6 


12.0 


18.0 


19.0 


e.o 


6.5 


17.6 


18.0 


21.2 



The above data Indicate that the extent of release of entrapped materials from the 
biodegradable matrices according to the present Invention is regulated by the actual Ionic 
strength of the dissolution media. When this polymer/surfactanf/cyclodextrin based 
biomaterlal loaded vrith testostenone is applied Into biological systems, the release of the 
entrapped steroid is Initiated by the cation concentration of the surrounding tissue. This 
disassembly of the supramolecular matrix by the cations present will be followed by the 
release of entrapped testosterone from the gCD complexed form, ensuring a sustained 
release of the testosterone. 

Example 21, In situ formation of Insoluble biomaterials loaded with Prostaglandin E2 by two ' 
consecutive Injections 

5 of g-cyclodextrin and 1 g of hyaluronic add are dissolved in 100 mL of sterile deionised 
water for Injection. 2 mL of this dense solution is filled Into an injection syringe. 
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Another solution Is made by dfesoMng i mg Prostaglandin E2 10 mL 30% Luviquat Mono 
CP surfactant. 0.5 mL of this prostaglandin solution is transfenred into an injection syringe. 
After consecutive subcutaneous Injections to rats the biomateriai loaded with daig is formed 
in situ., and a sustained release of prostaglandin is thus ensured- 

Any type of compositions described in Examples 1.-16. can be applied as consecutive 
inJecUone resulting in the tn situ formation of insoluble matrices suitable for biomedical and 
other uses. 



Example 22. Preparation of a hyaluronic add /surfactant/phosphollpids/ gamma-cydodextrin 
polymeric matrix, 

100 ml volume solution was prepared by dissolving 5 g of gamma-cyclodextrin and 1 g of 
hyaluronic add-in delonized water. The solution appears a slightly turbid >rtscous liquid with 
no solid partides. 

5 mL of 5% aqueous benzallconlum-chloride solUfion was stin-ed with 0*3 g of egg yolk- 
phosphatldylcholine at 40 "C. to get a homogeneous emulsion. 10 grams of Ihe above 
hyaluronic add/Y-cycIodextrin solution was reacted with 5 mL of 

phosphatidylchollne/benzalkonlum-chloride emulsion at room temperature. After about 10 
minutes of stirring a slightly yellow water Insoluble polymeric material was obtained. The 
polymer was filtered off, washed with 5 mL of deionlsed water and dried in vacuum over 
P2OS to constant weight 
Yield: 0.e2g (54%) of gummy solid. 

The composition of the polymeric material according to Example 22 contained about 20% of 
Hyaluronic acid, 40 % of y-cydodextrin, 25 % of phospholipid and 8% of benzalkonlum 
chloride. 

Example 23. Preparation of an Alglnic add /surfactant/ phosphoUpids/ gamma-cydodextrin 
polymeric matrix. 

6 mL of 5% aqueous benzalkoniunvchlorlde solution was stinted with 0.3 g of egg yolk- 
phosphatidylcholine at 40 "C, to get a homogeneous emulsion. 10 grams of 1% alginic add 
and 5% of gamma-cydodextrin containing soJutlon was mixed wilh 5 mL of phosphatidyl- 
choline/benzalkonium-chloride emulsion at room temperature. After about 15 minutes of 
intense mixing a slightly yellow polymeric precipitate was fomied. The predpitate was filtered 
off and washed with 6 mL of water. After drying to constant weight 0,56 g of solid elastic 
gum was obtained. 
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Example 24 . A surgicaJ wound cover sheet made of polymeric matrix according to the 
present Invention 

Polymeric biomateriai was prepared according to Example 1. The wet product was Isolated 
by filtration and washed 3-times with 500 mL of delonised water. The washed wet product 
was rolled on wet glass surface info an about 1mm (hick layer and Immersed into cold (about 
5 °c } acetone. After about 30 minutes soaking In acetone the product became a dehydratisd 
white solid paper-like sheet. After this drying process the acetone was removed by 
subsequent drying rn vacuum. The product can be re-wetted in sterile water whereas It 
becomes again a visco-elastfc polymer, and can be applied as a wound covering sheet to 
accelerate wound healing process. 

Example 25, Anttblotte wound dressing/covering film composed firom Dolvmeric matrix 
acxx>rding to the present Invention 

An antibiotic containing mucoadheslve film was prepared by reacting 100 mL of 1% 
hyaluronic add solution containing 5g gamma-cyclodextrin with 60 mL of 30% Luvfquat 
Mono CP solution containing 1g of dissolved CIprofioxacfne. After mixing the two above 
solutions a white precipitate formed which was removed by ftlbation. The white polymeric 
matrix was washed with 50 mL of water and rolled Into a 1 mm thick layer. The wet layer was 
dried In vacuum to constant weighL Yield; lOg of white elastic polymer sheet, which contains 
7.8% of CIpropfloxacfne. After sterlifzation the re-wetting of this polymeric sheet In sterile 
water was found to give a ylscoelastic wet film useful for covering of burned skin suri^ces or 
wounds. 

Example 26. Conductive polymeric matrix containing entrapped iodine. 

An electric conductive polymeric fiber was prepared by reacting 100 mL of 1% hyaluronic 
acid solution containing 6g gamma-cyclodBxtrin with 60 mL of 30% Luviquat Mono CP 
solution containing 1g of dissolved elemental Iodine. After mixing the two above solutions a 
yellowish brown precipitate formed which was separated by fiitratton. The polymeric matrix 
was washed with 50 mL of water and stretched Into fibers of about 1 or 2 mm diameter. The 
wet fibers were dried by immersing them into cold (10 ''C } acetone and then were vacuum 
dried. Yield: brown elastic polymar fibers sheet, which contain about 8 % of elemental Iodine 
by weight. The polymeric fiber was found to bo electric conductive. The conductivity was 
found different In different directions the axial conductivity in direction of stretching was much 
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hjgher than that of the transvereal. The highly ordered structure of this supramdecular 
assembly enabled electric conductance even in the polymeric matrices without any iodine. 

Example 27. Allantoln containing wound healing cover sheet composed from polymeric 
matrix according to the present invention. 

An allantoin containing mucoadheslve film was prepared by reacting 100 mL aqueous 
solution containing 1g hyaluronic acid and 5g a-cydodextrln with 25 mL of 30% Luvlquat 
IWono CP solution containing 2g of dissolved AUantoln. After reacting the two above solutions 
a white predpllate fonrtted. The polymeric precipitate was removed by filtration and washed 
with 25 mL of water. The wet product was rolled into a 1 mm thick homogeneous layer. The 
wet layer was dried In vacuum to Constant weight Yield: 7.7g of white polymer sheet. After 
- sterilization the re-wettIng of this polymeric sheet in sterile water gave, a viscoelastic film 
useful for wound dressing to assist healing process. 

Exafyiple 28, A surgical thread composed from polymeric matrix according to flie present 
Invention. 

Hyaluronic acid and gamma-cyclodexlrin containing solution was reacted according to the 
reaction scheme descnlied In Example 1. with Luvlquat Mono CP solution containing 2% 
glycerine. After the reacOon was completed, the resulting wet polymeric matrix was washed 
with deionlsed Water and then a thread was made by stretching and rolling wet polymer Into 
a thread of about 0.2 mm thickness. The thread was Immediately aoalied in acetone to 
dehydrate, and obtain dry, elastic threads. 

The resulting threads can be used to surgical closures of wounds. These biodegradable 
threads can also be employed as implants after they are loaded with appropriate 
pharmaceutical actives. 

Example 29. In vitro enzymatic degradation of polymeric matrices prepared according to the 
present invention. 

The degradation of hyaluronic acid Incorporated Into the polymeric matrices according to the 
present invention was tested at pH 6.6 phosphate buffer solution by hyaluronidase enzyme 
after a 424iour Incubation time, using control, untrapped hyaluronic acid substrate for 
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comparison. The reaction mixture after stopping enzyme activity wa$ evaluated by capillary 
zone electrophoresis. The electropheragrams show that hyaluronic acicf is indeed released 
from the polyn^eric matrix and getB degraded by the hyaluronidase enzyme. The hyaluronic 
add /Luviqudt IVIono CP/y-cycIodextrln matrix according to Example 1. was found to be 
degradable with the enzyme, but with a slower reaction rate. The distribution of the 
degradation products was similar to those of the control hyaluronic acid, digested by 
hyaluronidase enzyme. 

Example 30 . The fate of implanted polymeric matrix according to the present invention in 
rats. 

Two animal studies have been performed. In the first, orienting experiments three mala 
Whistar rats (average 400 g body weight each) were treated with very high doses (1 g 2 g 
and 4 g) of the polymeric matrix according to Example 1 . 

The site of Implants on animals were re-opened after two and three weeks, respectively. The 
surrounding tissue of the implanted polymeric materials was visually and microscopically 
evaluated. Both in case of 1g and 4 g implants the tissue around the implants was found 
Inflamedr moreover, a isignificant increase in the leulco^te number indicated the 
inflammation status of treated animals. However, the inflammation found was slight, none of 
the treated animals showed systemic toxicity, each survived well, despite the extremely high 
applied doses. Three months after implantation the rats receiving 2g implant were still in 
peri'ect condition. 

The i-lPLC analysis of the tissue/washing liquid samples withdrawn from the implant site 
after 2 weeics, showed that no traces of the hyaluronic add nor the y-cydodextrin and 
surlsictant could be detected. This indirectly proves that the polymeric matrix according to 
Example 1. is completely eliminated after subcutaneous implantation within weeks, even 
when administered at high dose (4 g per 400 g rati ) thus It seems to be biodegradable. 
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What Is claimed Is: 

1, A precipitate, comprising at least an anionic polymerio component which Is soluble as 
such In water, an amphiphilic ammonium-type component, and a cyctodextrln component, 
which predpltate is obtainable by a process including the following steps; 

1 . contacting the anionic polymeric component and the cyclodextrin component in an 
aqueous medium, and 

2. adding to the mixture obtained in step 1 said amphiphilic ammonium-type 
component. 

wherein said components are present In amounts suitable to fbnn said precipitate. 

2. A precipitate according to daim 1 additionally comprising one or more further components 
which are added In course of step 1 and/or 2. 

3. A precipitate according to daim 2 wherein the one or more other components are selected 
from phamiaceutlcally active agents, pesticides, agrochemlcals. colorants, diagnostics. 
en:^mes and foodstuff. 

4. A precipitate according to anyone of claims 1 to 3, wherein the anionic polymeric 
component Is a memtier of the group consisting of hyaluronic acid, carboxymethyl cellulose. 
carbo^Qrmethyl starch. algWc add, pofyacryno^cld-type polymerio components, pectin, 
xanthan gum, tragacantha gum, a water soluble salt of one of said components and a 
mixture of two or more of said members. 

5. A precipitate according to anyone of claims 1 to 4, wherein said amphiphilic ammonium- 
type component comprises a cattonic siflfactant. 

6. A precipitate aoconllng to anyone of claims 1 to 5^ wherein said amphiphilic onium type 
component Is selected from the group consisting of benzalkonium-chioride. benzoxonium- 
chloride, cetyl-pyridinium chloride, cetyltrimethylammonium bromide. cetyidimethyl(2- 
hydroxyethyl)ammonium dihydrogen phosphate (Luyiquat^Mono CP), cocamldopropyl- 
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N,N,N.irlmethyl-glycfne, palmftoyf carnitine, sodium cocyl gfutamate and mixtures of one or 
more members of said group. 

7. A predpitate according to anyone of claims 1 to 6, wherein said ampWphillc onium type 
component compHses a cationtc phospholipid. 

8. A precipitate according to claim 7, wherejn the catfonfc phospholipid is selected from 
lysophosphatldyl-choline compounds, phosphatidyl choline compounds, sphingomyelin, 
sphlngosine derivatives and mixtures thereof. 

9. A precipitate according to anyone of claims 1 to 8 wherein the cyclodextrln component is 
selected from alfa-cydodexlrln, beta-cydodextrin, gamma-pydodextrln and mixtures thereof. 

10. A precipitate according to daim 3, wherein the one or more further components comprise 
a phamnaceuticany active agent 

11. A predpitate according to claim 10, wherein the pharmaceufically active agent Is 
selected from the group consisting of steroids, pros^nofds, nitrfc-oxide prodrugs, 
antihistamines, antibiotics, cytostatic agents, antlvlrals, peptide hormones, local anesthetics, 
antigJaucoma agents, antiinflammatory agents, antihypertensives, antlanglogenlc agents and 
suitable combinations thereof. 

12. A process for manufacturing a precipitate according to anyone of claims 1 to 11, wherein 

• the anionic polymeric component, the oyclodextrin component and further 
componants comprised In said precipitate which are soluble in water are dissolved in 
an aqueous medium to form a first composition; 

• the amphlphllic component and further components comprised in said precipitate 

. which are Insoluble In water are blended with a suitable liquid carrier, preferably an 
aqueous medium, to fomi a second composition, and 

• said first and second composition are blended' to form said precipitate. 
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13. A process according to dalm 12. wherein the precipitate is brought into a desired shape. 

14. A process according to claJm 12 Including a trealment of a non-lfquid carrier for coating it • 
with said firet composition and a subsequent treatment of the so-treated carrier with said 
second composition for fonning a coating of said precipitate on said carrier. 

15. A pharmaceutical composition comprising a piidpltate abronllng 

16. A pharmaoeufioal composition according to dalm 15, which la a depot formulation. 

17. A medical device comprising a precipitate according to daim 1 0 or 1 1 . 

1 8. A medical implant or insert according to claim 17. 

19. A l<lt for administering a pharmaceutical composition according to claim 15 oris to a 
subject by simultaneous or preferably consecutive administration of parts of said 
composition to said subject thereby fdrmlng the convosltlon in slbt at the place of 
administration, which kit comprises two or more than two partial compositions, each 
comprising one or more of the components of said phamiaceutlcal composifion, whereby the 
components intended to fonn the precipitate are present in said compositions for 
consecutive or simultaneous administration in amounts effeetWe tofonm the precipitate. 

20. A l<il according to claim 19 comprising 

• a firet composition comprising the anionic polymeric component, the cydodextrin 
component and the further components connprised In said predpilate which are 
soluble In water, dissolved In an aqueous medium; and 

• a second composition comprising the amphlphfflc component and components 
comprised In said precipitate which are Insoluble In water, blended with a suitable 
liquid canrter, preferably an aqueous medium. 



CmofaftKSTftit 19. Apr. 10:57 



n 

V 



9/04 *02 FR 10:12 FAX 



►37- 



21. A kit acconJfng to cteilm 19 or 20 adapted to a subcutaneous or intramuscu/ar 
admrnistration of the pharmaceutfcal compoaftlon. 



2Z A kit accordhg to claim 19 or 20 adapted to the admfnistration of the pharmaceutical 
composition onto wounds, skin or other solid surfeces by spraying. 

23. A method of admlhisterlng a phannaceutlcally active compound to a subject In need 
thereof, comprising the administration of a phamnacsutScal composition according to dalm 15 
or 16 comprising said phanmaceutlcaUy activa compound. 

24. A method for administering a phamnaceutical composition accofxiing to da&n 15 or 16 to 
a subject including the simultaneous or preferably consecutive administration of two or more 
than two partial compositions, each comprising one or more of the components of sard 
pharmaceutical composition, thereby formlng'the phamnaceutlcal composition h situ at the 
place of administration, wherein the components intended to fomi the precipitate are piBsent 
in said partiai compositions in amounts effective to form the precipitate when contacted with 
one another. 



25. A method according to cla/m 24 Including the simultaneous or preferably consecutive 
administration of a first composition comprising the anionic polymeric component, the 
cydodaxtrln component and the further components- comprised In sakJ precipitate which are 
soluble In water, dissolved in an aqueous medium; and a second composition comprising the 
amphlphlllc component and components comprised in said precipHat© which are insoluble In 
water, blended with a suitable liquid canrter, preferably an aqueous mediurh. 

26. A method according to claim 24 or 25 wherein the partial compositions are 
subcutaneously or intramuscularly Injected in the subject. 

27. A method accorting to claim 24 or 25 wherein the partial compositions are administered 
onto wounds, skin or other $o\\(]l surfaces, preferably by spraying. 
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Abstract: 

The present Invention relates to novel materials, particularly blomaterials. in form of a 
precipitate, comprising an anionic polymeric'component wWch Is soluble as such in water, an 
amphiphilic ammonium-type component, a cydodextrin component and optionally one or 
more further components, which precipitate is obtainable by a process including the following 
steps: 

1. contacting the anionic polymeric component and the cydodextrin component in an 

aqueous medium, and 

2. adding to the mixture obtained in step 1 said arnphlphUte ammonium-type component, 
opHonally in the presence of said one or mor^ further components, wherein said components 
are present in amounts sullabte to forni said precipitate. The precipitates are particulariy 
useful as controned-release depot formulafions suitable for long-lasting active Ingredient 
delivery. The further components incorporated into the precipitates can be pharmaceutical 
compounds, pesticides, agrochemlcals. cotorants. diagnostics, enzymes, foodstuffs etc. 
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